A subpopulation (n --27) of normoglycaemic Sand rats was characterized as carbohydrateintolerant by intraperitoneal glucose loading. Five of these animals did not show any rise in peripheral insulin concentrations when injected with glucose. However, when isolated by collagenas e digestion their islets still exhibited a significant enhancement of insulin secretion in response to glucose, glyceraldehyde, mannose and theophylline. The in vitro secretory responses were comparable to those of islets from carbohydrate-tolerant Sand rats. The results underline the importance of the natural environment for the B-cell response in vivo.
Material and Methods
52 Sand rats of both sexes were taken from a local colony and loaded with 2.0 g glucose IP under light hexobarbital anaesthesia as earlier described [2] . Blood samples for measurement of glucose [3] and insulin [4] were taken from the orbital vein plexus after 0, 10, 30, 80, and 120 rain. Normal glucose and insulin concentrations were established, using 48 Sand rats, fed with a low-calorie diet [5] . The following criteria were used to define a normal carbohydrate tolerance:
1. Normoglycaemia at 0 min within 91 --34 mg/100 ml (mean _+ 2 SD)
2. Normoinsulinaemia at 0rain within 3.39 _+ 2.32ng/ml (mean _+ 2 SD) 3. Peak of blood glucose at 10 min and thereafter a continuous decrease to normal within 120 rain.
4. Peak of insulin at 10 rain and normalization within 120 rain. According to these criteria, 8 animals were normal and 27 were normoglycaemic and normoinsulinaemic, but carbohydrate-intolerant (blood glucose not normalized in 120 rain). Among the 27 carbohydrate-intolerant Sand rats, 5 did not show any significant changes in peripheral insulin concentration in response to the glucose injection. Those 5 animals, as well as the 8 normal ones were investigated with respect to the in vitro response of their isolated islets.
The Sand rats were decapitated 2-12 days (normal rats) or 3-15 days (carbohydrate-intolerant rats) after the ha vivo test. Again, blood glucose and plasma insulin were determined. Immediately after collagenase-isolation [6] groups of 5 islets from each animal were used to measure the islet insulin content [7] . Islets of similar size (140-190 ~m in diameter) were incubated for 30 min at 37~ in Krebs-Ringer-bicarbonate buffer [8] (pH 7.4; 95% 02, 5% CO2) supplemented with 2.5retool/1 glucose, 27.5mmol/1 sucrose, l mg/ml bovine serum albumin and 16 mmol/1 HEPES (N-2-hydroxyethylpiperazine-N'-2 -ethanesulphonic acid). Groups of 5 islets were then incubated for 60 rain at 37~ in the same type of buffer without glucose, or with 1.7 mmol/1, 5 mmol/1, 15 mrnol/1, 30 retool/1 D-glucose, 30 mmol/ 1 D-mannose, t.7mmol/1 D-glucose + 5retool/1 D-glyceraldehyde or 15 mmol/1 D-glucose + 5 mmol/1 theophylline. After the incubation the buffer was separated from the tissue and radioimrnunologically assayed for insulin [9] with rat insulin as reference (Lot R 170, NOVO Industries Copenhagen).
Results are given as mean values _+ SEM for the indicated numbers of experiments. Data were analyzed for statistical significance using Student's t test for unpaired comparisons.
Results
Normal and carbohydrate-intolerant animals did not differ in age, body-weight, postprandial blood glucose, basal plasma insulin, islet insulin content, or pancreas wet weight (Table 1) . Fig. i In contrast to the normal Sand rats, the carbohydrate-intolerant animals exhibited steady hyperglycaemia (above 300 mg/100 ml) from 30 minutes onwards and showed no measurable change in peripheral insulin concentration.
As shown in Fig. 2 , islets from both normal and carbohydrate-intolerant Sand rats released insulin briskly when challenged with glucose (P < 0.01 compared with basal), mannose (P < 0.01), glyceraldehyde (P < 0.01), and theophylline (P < 0.01) in vitro. Both types of islets displayed a sigrnoidal doseresponse curve for glucose with a threshold below 5 mmol/1.
Discussion
Hackel et al. [1] described the occurrence of normoglycaemic, carbohydrate-intolerant Sand rats which did not respond to hyperglycaemia in vivo with enhanced insulin secretion. In our Sand rat colony we have already confirmed this observation in some, but not all carbohydrate-intolerant animals [5] . The present results demonstrate that the pancreases of such carbohydrate-intolerant Sand rats contain islets (Table 1) .
It is not known whether this behaviour of the pancreatic B-cells is in any way important for the development of diabetes. However, the results underline the importance of humoral, neural, and other influences (e. g. exogenous during the glucose tolerance test; [10] ) for the expression of B-cell activity in vivo. Therefore, investigations of the peripheral insulin concentration under certain conditions may not be entirely representative for the endogenous B-cell capacity to secrete insulin in response to various stimuli.
